in the image, and the adaptive optical device is drivable by the image-analysis device for 
compensating for the point-for-point unsharpness.— 
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REMARKS 

This Preliminary Amendment cancels without prejudice original claims 1 to 15 in the 
underlying PCT Application No. PCT/EP99/08206, and adds without prejudice new claims 
16 to 30. The new claims conform the claims to U.S. Patent and Trademark Office rules and 
do not add new matter to the application. 

In accordance with 37 C.F.R. § 1 .121(b)(3), the Substitute Specification (including 
the Abstract, but without the claims) contains no new matter. The amendments reflected in 
the Substitute Specification (including Abstract) are to conform the Specification and 
Abstract to U.S. Patent and Trademark Office rules or to correct informalities. As required 
by 37 C.F.R. § 1 .121(b)(3)(iii) and § 1.125(b)(2), a Marked Up Version Of The Substitute 
Specification comparing the Specification of record and the Substitute Specification also 
accompanies this Preliminary Amendment. In the Marked Up Version, shading indicates 
added text and brackets indicated deleted text. Approval and entry of the Substitute 
Specification (including Abstract) is respectfully requested. 

The underlying PCT Application No. PCT/EP99/08206 includes an International 
Search Report, dated February 16, 2000. The Search Report includes a list of documents that 
were uncovered in the underlying PCT Application. A copy of the Search Report 
accompanies this Preliminary Amendment. 

Applicants assert that the subject matter of the present application is new, non- 
obvious, and useful. Prompt consideration and allowance of the application are respectfully 
requested. 



Dated: 




Richard L. Mayer 
(Reg. No. 22,490) 

One Broadway 
New York, NY 10004 
(212) 425-7200 (phone) 
(212) 425-5288 (facsimile) 



375713 



CUSTOMER NO. 26646 



5 




09/8561 08 

JG08 Rec'd PCT/PTO 1 7 MAY 200f 

[2345/155] 



ELECTRO-OPTICAL LIGHT MODULATOR 



10 



15 



20 



25 



fllliD - OF iTHE ^T^ENTlON 

The present invention [is directed] £^JLat.§s to an 
electrically drivable light modulator having liquid 
crystal layers, which are disposed one behind the other 
and are enclosed between transparent plates having a 
surface anisotropy that orients the molecules of the 
liquid crystals and having electrodes for generating an 
electric field in the liquid crystals. 

ffJec Sr i^cal ! d-y^' d r a vab ■iej ia-qlrFSm 1 o dulators [of this kind 
are]nva^^e required for correcting the phases of light in 
a great variety of optical devices. Especially in the 
field of adaptive optics, efforts are intensifying to 
find ways to correct local unsharpness in the object 
image of a telescope or a camera, caused, for example, by 
atmospheric effects or thermal stresses in the equipment. 
Especially in connection with rapid digital image 
processing technology, ways are evolving to correct 
images that are so distorted. The image is corrected, 
even during observation, by an electronically drivable 
raster of optically active elements that is introduced 
into the optical path of rays of the object image. This 
leads one to imagine photographic and observational 
equipment, which delivers a sharp image even in the 
presence of strong disturbances. 

Due to their electro-optical properties, liquid crystals 
can be used to control the phase of a light wave 
propagating through them, in that the refractive index of 
a layer of liquid crystals is influenced by an electric 
field. The principal electro-optical effects in liquid 
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crystals alter both the birefringence as well as the 
orientation of the indicatrix of the refractive index of 
the liquid crystal. This is undesirable for most 
applications, because not only does the anisotropic 
character of the liquid crystals produce a phase shift as 
it passes through the liquid crystal, but it changes the 
polarization as well. For that reason, only polarized 
light can be handled using liquid crystals of this kind. 
However, wavefront variations caused by phase lag ought 
to be possible, independently of polarization, for the 
above mentioned applications. 

When nematic liquid crystals are used, the phase of a 
light beam can be changed without affecting the 
polarization of the light. Here as well, however, the 
light must be linearly polarized in parallel to the 
director of the oriented liquid crystal molecules. In 
addition, the reaction rate of such cells is too slow for 
applications in image-processing devices. 

Ferroelectric liquid crystals (FLC) can be driven in a 
sufficiently short operation time. However, potential 
applications for ordinary ferroelectric liquid crystals 
are very limited due to the small phase changes that are 
attainable with. At cell thicknesses of 10pm, phase 
shifts of merely about 1/10 of the wavelength of visible 
light are attained. However, one should aspire to phase 
shifts of one complete wavelength or more in order to 
perform all necessary phase corrections. 

[ EP ] EuSopii^ ^ 0 309 774 

[describes] STseusses a liquid crystal cell which employs 
the DHF effect (deformation of the helix structure in the 
electric field) that occurs in FLCs, for continuous phase 
control and for gray scale representation. The optical 
phase control is based on a pronounced change in the 
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average refractive index of the liquid crystal resulting 
from an applied electric field. The change in the 
birefringence of the deformed helix structure can reach 
d(n) = 5%; the average refractive anisotropy <dn> = 15%. 
5 Due to the optical properties of the helical structure of 

thereby employed chiral smectic liquid crystal in the 
electric field, the change in the birefringence is 
associated with marked changes in the orientation of the 
average optical indicatrix. This means that, after 
10 propagating through the liquid crystal, the light is in a 

polarization state which is heavily dependent upon the 
polarization state upon entry. This dependence precludes 
the use of the described cell for the required purposes. [ 
] 

15 R 



[ In] T L hfe : ^^exefe^ : ^of Love, Restaino, Carreras, Loos, 
Morrison, Baur and Kopp: "Polarization Insensitive 
127-Segment Liquid Crystal Wavefront Corrector", Adaptive 
Optics, vol. 13, pp. 228-290, Optical Society of America, 
20 Washington D.C., 1996, ^j^jull el^a n electro-opt ically 



functioning modulator for controlling the phase of 
unpolarized light is introduced that contains two liquid 
crystal layers of the nematic type, which are disposed 
one behind the other. [ 1 ] ^§ZS^5i^l^iESJi^MiS^J3 n the 



25 [cited workl^eference, the two nematic layers are 

situated such that the directors of the liquid crystals 
are disposed orthogonally to one another in the 
field-free state. However, as already mentioned above, 
the cell [ is ] may_be much too slow for the purpose aspired 

30 to. 



The [object] JejiejBpl a ^„y_l§,n^o4i m j^^ of the present invention 
is &irecteoT]to [provide ] proyiJijng an electrically 
35 drivable light modulator, whose switching time is on the 

order of 1060-460 seconds or less, given a maximum phase 



MARKED UP VERSION OF THE SUBSTITUTE SPECIFICATION 

NY01 376008 v 1 3 



shift of over 20, and which can steplessly vary the phase 
of an arbitrarily polarized light beam, without altering 
its polarization state, and which is suited for 
fabricating highly resolving, adaptive optical devices, 
5 i.e., that is small, light, and low-loss. 



[This objective is achieved in accordance with]Ah 



exemplary ^ embodiment^ f the present invention 
[i n ]fe£^S51 that at least two layers of helical, 
smectic, ferroelectric liquid crystals, whose fast and 
slow optical axes, respectively, are disposed in parallel 
with the layer in question, and whose average optical 
anisotropy can be influenced by the action of the 
electric field, are situated one behind the other in the 
path of rays of a light beam to be modulated, and in that 
the directions of the fast and slow axes, respectively, 
of the individual layers are rotated relatively to each 
other in such a way that the polarization of the light 
beam is the same upstream and downstream from the 
modulator . 



In this context, the "slow" axis corresponds to that 
direction in which the refractive index is the greatest. 
The "fast" axis is that direction in which the refractive 

5 index is the smallest. [This means that ] ThusQ the phase 

of a light beam that is polarized in the slow direction 
is delayed substantially, and the phase of a light beam 
that is polarized in the fast direction is delayed to a 
lesser extent. Thus, in the case of arbitrarily polarized 

0 light, the anisotropy of the refractive indices alters 

its polarization state as it passes through the liquid 
crystal layers. The rotation of the individual layers 
relatively to one another is exactly calculated to again 
effect a reversal of the mentioned change in the 

5 polarization state of the subsequent layers. 
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In [the] a simple [st] case, the light modulator is so 
conceived that two liquid crystal layers are situated one 
behind the other such that the slow optical axis of the 
first layer is normal to the slow optical axis of the 
second layer, the fast optical axis of the first layer is 
normal to fast optical axis of the second layer, and the 
orientation of the slow and fast optical axes of the two 
layers in relation to one another is retained at all 
times during application and variation of the control 
voltage . 

The fast and slow axes of the two layers intersecting at 
right angles only just compensates for the variations in 
the birefringence and in the orientation of the 
indicatrix ellipsoids of the refractive indices. 

To reduce the unit volume, provision can be made for the 
liquid crystal layers to be enclosed between two 
transparent plates, on whose electrodes a control voltage 
can be applied to generate an electric field. 

[On the other hand, t]§o reduce the outlay for assembling 
the light modulator and to facilitate mass production, 
provision can alternatively be made for each of the 
liquid crystal layers to be enclosed between two 
transparent plates, on whose electrodes a control voltage 
can be applied in each case to generate an electric 
field. 

To manufacture the light modulator in accordance with the 
present invention, the required number of individual 
cells, fabricated in this manner, is arranged one behind 
the other. 



When using [ equivalent ] .comparable layer thicknesses and 
materials for the layers, it is provided that the liquid 
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crystal layers 
indices, have 
synchronously 



exhibit the same average refractive 
the same thickness, and be able to 
receive the same control voltages. 



[On the other hand, w]When using different layer 
thicknesses or different materials for the individual 
layers, it is provided that the ratio of the control 
voltages to one another be adjustable to compensate for 
the changes in the polarization of a light beam passing 
through. In this manner, a crossing over of the main 
refractive directions can also be achieved in the case of 
asymmetrically constructed cells. 



Considerable outlay is required to manufacture the liquid 
crystal cells; large quantities do not meet the 
requirements for accuracy and must, therefore, be sorted 
out and reintroduced to the production process. To 
simplify production and reduce associated costs, it is 
provided that the control voltages be adjustable for the 
individual liquid crystal layers to compensate for 
manufacturing tolerances. 



The light modulator in accordance with the §^^^kr-j5 
S^bodi^^nt ij jdf3^23P resent invention ^^^el^¥v¥d23 
work[s] particularly well in the range of visible light 
with a smectic liquid crystal mixture FLC-4 72 /FLC-24 7 of 
60 % by weight of phenyl pyrimidine and 40 % by weight of 
an achiral, smectic A or C matrix having a chiral doping 
on the basis of disubstituted ether of bis-terphenyl 
dicarboxylic acid. This doping induces a spontaneous 
polarization of about 160 nC/cm2 in the matrix having a 
helical structure of the winding period of about 0.3 pm 
in the chiral smectic phase. An operating voltage of OV 
to 4V already produces a smectic deflection angle of 0° 
to ±22.5° at a response time 122 of 150 ps . Thus, the 
modulation depth between two crossed layers amounts up to 



MARKED UP VERSION OF THE SUBSTITUTE SPECIFICATION 

NY01 376008 v 1 6 



100%. In response to the operating voltage mentioned 
above, the average refractive index already changes by 
amounts of up to 5%. To obtain a phase difference on the 
order of the wavelength of the light to be controlled, a 
5 summed layer thickness of 10 urn suffices. This layer 

thickness is the sum of the thicknesses of the individual 
layers . 

When cameras or telescopes are used to observe objects 
10 within or right through the earth's atmosphere, local 

unsharpness occurs in the object image which is 
attributable to atmospheric disturbances. To correct this 
local unsharpness, an adaptive optical device is proposed 
which contains a field of light modulators, in a 
15 raster-type array, of the type described by the present 

invention. The field is situated in the path of rays of 
the device, each individual light modulator being able to 
be driven to compensate for unsharpness occurring on a 
point-by-point basis, of an image to be processed. 

20 

In this context, to reduce the outlay for assembly, the 
light modulators can be mounted on a common substrate. 

The device is positioned in the ray path of the 
25 observational equipment in question, such as a camera or 

telescope. The object image picked up by the 
observational equipment is fed to an image-analysis 
device, which determines the unsharpness in the image 
and, to compensate for the same, drives the modulator 
30 field accordingly. 

[One exemplary embodiment of the light modulator of the 
present invention is illustrated in the drawing on the 
basis of a plurality of figures, which show: 

35 

Figure 1 1 B^IEF^DESCR 'l^TldS^f^f^~DM^UGS 
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Figure. ^iShcj^l the configuration of the liquid crystal 
cells for the modulator [ ; and][J[ 

Figure [2]§^^Hcrws a schematic diagram of the refractive 
index indicatrices for [the various ] Sri operating [states. 

(Equivalent parts in the figures are provided with the 
same reference numerals.) 

Figure 1 depicts the] Stajt e; : £whie r V /rio : : «yp £ta g e l:^.4;..^pMi§ §d 
:Figur<e/;j2& 

F^gure^-^^^ 
piat^i^s^ 

invej^ two liquid crystal layers 6 and 9 

disposed one behind the other in the ray trajectory of a 
light beam 10 to be modulated. The polarization direction 
of incident light beam 10 and of emergent light beam 11 
is marked in each case by a double arrow. In the example, 
the polarization direction of incident light beam 10 is 
tilted by angle 6 from the perpendicular. 

First liquid crystal layer 6 is situated between two 
transparent electrodes 1 and 2, which are mounted on two 
transparent plates 1 ' and 2 ' . Smectic layers 12 form 
displacement domains, along which the molecules of the 
liquid crystal arrange themselves. The molecules of the 
liquid crystal are twisted by an angle from layer to 
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layer, so that the result is a helical structure whose 
axis 7 runs in the direction of normals z 1 to smectic 
layers 12. Second liquid crystal layer 8 is disposed 
between transparent electrodes 3 and 4, which are 
mounted, in turn, on transparent plates 3' and 4'. The 
direction of normal z' 1 of smectic layers 13 of 122 
second liquid crystal layer 8 and the axis of helix 9 are 
twisted by 90E from direction of normal z f and helical 
axis 7 of first layer 6. 



Two liquid crystal layers 6 and 8, crossed in this 
manner, change the polarization state of a transmitted 
light beam 10. The pure phase modulation of the two 
liquid crystal layers is induced by the field-dependent, 
average refractive index. The birefringence and 
orientation effects of the indicatrix in the electric 
fields produced by the application of a voltage to 
connection terminals 5 are compensated in all field 
strengths . 



Figure 2 shows [the ] effects of an electric field E of 
variable strength 0, E ' , E' 1 on refractive indices n20s20 
and n20p20 of liquid crystal layers 6 and 8. The x- and 
z-axis of the illustrated coordinate system are disposed 
in parallel to the plane of the liquid crystal layers. In 
addition, the z-axis is situated in parallel to the 
direction of normal z' of first liquid crystal 6. The 
y-axis points in the direction of propagation of incident 



light beam 10. In [Illustration a ) ] € 1 g irr e^2af , no voltage 
is applied. The slow axis having refractive index n20p20 
of the first liquid crystal layer points in the direction 
of the z-axis, while the slow axis having refractive 
index n20p20 of the second liquid crystal layer is 
oriented orthogonally to the z-axis. The polarization 
state of the incident light is retained upon passing 
through both layers 6 and 8. 
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In [Illustration b) ] Figure 2 b, a small voltage is applied 
which is less than that voltage at which the helical 
structure disappears. The slow optical axes having 
refractive indices n20p20', as well as the fast axes 
5 having refractive indices n20s20' of both layers 6 and 8 

reorient themselves and are rotated by angle 6. The right 
angles between the axes are retained. The 122 refractive 
index n20p20' increases in the slow axes with rising 
field strength E ! , while refractive index n20s20' 

10 decreases in the slow axes. The optical path of the 

transmitted light is changed by field strength E ' and, 
consequently, is shifted in phase. The greatest change in 
the optical path occurs at a voltage that is just below 
that voltage at which the helical structure of the liquid 

15 crystal disappears. This state is shown in [Illustration 

c) ]^q te^g 2^. In the liquid crystals, which at this point 
are no longer wound, the index ellipsoid of the 
refractive indices is characterized by molecular 
refractive indices n20p20 ,f and n20s20 ,! . The slow axes 

20 having refractive indices n20p20' 1 are tilted in the two 

layers 6 and 8 by the molecular tilt angle T, which 
corresponds to the angle between smectic layers 12 and 13 
and helical axes 7 and 9. In this case, as well, the axes 
remain crossed at a right angle. The phase displacement 

25 is, therefore, independent of the polarization of the 

light over the entire operating range. As a result, it is 
possible to control unpolarized light as well. 

[ ] 
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[Abstract 

] ; 33 of : tIe \dz§c losure 

[In the case of a]§n electrically drivable light 
modulator having liquid crystal layers, which are 
disposed one behind the other and are enclosed between 
transparent plates having a surface anisotropy that 
orients the molecules of the liquid crystals and having 
electrodes for generating an electric field in the liquid 
crystals, at least two layers of helical, smectic, 
ferroelectric liquid crystals are situated one behind the 
other in the path of rays of a light beam to be 
modulated. The directions of the fast and slow axes[, 
respectively, ] of the individual layers are rotated 
relatively to each other [in such a way]s<c> that the 
polarization of the light beam is the same upstream and 
downstream from the modulator. An adaptive, optical 
device [is indicated, which ]has a field of light 
modulators configured in a raster-type array [. T]^iK 
whi ch ct-he modulators are situated in the path of rays of 
the device, each individual light modulator being able to 
be driven to compensate for unsharpness occurring on a 
point-by-point basis [, of]j^Ln an image to be processed. 
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